B
acteriophages store genetic material in a capsid with the aim of transferring it into bacterial prey after landing on their surface. Attachment relies on fibres emerging from a baseplate connected to the bacteriophage tail tube and spike. Upon landing, conformational changes in the baseplate trigger the contraction of the tail sheath, puncturing the prey's cell envelope and transferring the phage DNA from the capsid into the bacterial cytosol via the tail tube. From the first descriptions of the genetic structure of the T4 phage back in the 1950s 1 , work has now led to the meticulous structural reconstruction of the whole phage 2, 3 , including a study by Leiman and colleagues recently published in Nature 4 . The study represents a tour de force in structural biology, offering an unprecedented level of detail for the bacteriophage T4 baseplatetail imaged at near atomic resolution using single-particle cryo-electron microscopy.
The phage baseplate-tail is made up of a complex assembly of gp (gene product) proteins that identify all the different phage gene products. In their study, Taylor et al. 4 generated the structure of gp25 and modelled the 3D structures of all the gps onto an improved image of the T4 baseplate-tail generated by cryoelectron microscopy at 3.8 Å resolution. This resulting model shows how each of the 15 different proteins contributes to the sequential construction of the intricate 49-nm wide by 32-nm high baseplate (excluding the tube). The shape of the baseplate is roughly conical, with the tail tube emerging at the narrowest end. One remarkable feature revealed in this study is the delineation of three layers (inner, intermediate and peripheral). Each layer is made by the complex entanglement of a specific set of gene products, which are present in multi-copies and sometimes in different conformations, such as gp6 (ref. 5) in the inner baseplate.
One hurdle in the mechanistic analysis of highly complex but dynamic molecular machines is to understand how they move. How do small conformational changes within protein networks dramatically impact the equilibrium of the whole structure and generate sufficient forces for rapid contraction? To answer this question, Taylor et al. 4 resolved both pre-and postattachment baseplate particles. As might be expected, the most significant changes reside in the peripheral baseplate connecting with the tail fibre network in direct contact with the cell surface. The long tail fibres (LTFs) are rooted into the baseplate via attachment to gp proteins such as gp9 (ref. 6) , which connects LTFs to the gp10-gp11-gp12-containing peripheral baseplate. Another remarkable observation in the post-attachment stage is the rotation of the gp10-gp11-gp12 complex which causes conformational changes within gp7, leading to changes in gp6 and thus the opening of the (gp6) 2 -gp7 heterotrimer ring in the inner baseplate. This results in a widening of the ring and dissociation of gp25 and gp53 from the tail tube, which makes perfect sense in the post-attachment state, as the tube should be able to glide through the baseplate upon sheath contraction.
The contractile bacteriophage tail has been adapted through evolution to mediate a large set of biological functions 7 ( Fig. 1) . R-type pyocins resemble the tail/baseplate of the T4 phage but are used as weapons to pierce target cells and form membrane channels. The type VI secretion
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system (T6SS) is another analogue of a phage tail/baseplate-like complex 8 . However, the T6SS is assembled within the cytosol of the bacterium and is used to eject toxins across the bacterial cell envelope into either prokaryotic or eukaryotic target cells. For T6SS and pyocins, the tail/baseplatelike assemblage is a minimal version of the bacteriophage, and while the tail and spike proteins have been identified, the composition of the baseplate structure remains under debate, and is probably restricted to components analogous to the inner/intermediate T4 baseplate layers (Fig. 1) . Using previous information on the T6SS (refs 9,10), Taylor et al. 4 purified a complex of four proteins, TssEFGK, and tentatively confirmed these as baseplate components. However, it was unclear whether this complex could form a circular structure similar to the T4 phage baseplate; it is possible that additional T6SS proteins like TssA are required for the complete assembly of the baseplate since TssA forms a gp6-like ring structure 11 . It is of course tempting to try to establish a perfect parallel between each gp and their cognate T6SS orthologue, such as further speculated by Taylor et al. 4 . However, this is not without risk given the ancient divergence of both systems where sequence conservation is very poor if non-existent. Furthermore, a number of domain swaps and protein rearrangements have occurred such that the single gp18 corresponds to TssB and TssC in the T6SS (ref. 12) , and the T6SS VgrG protein corresponds to both gp5 and gp27 (ref. 13) . Also, while TssE is a genuine gp25 homologue 12 with both proteins acting as natural extensions of the sheath to firmly anchor it in the baseplate, TssA has been proposed as a full component of the baseplate 11 although others propose it resides at the opposite end of the T6SS tail 14 .
Given that existing high-resolution cryo-electron microscopy structures of the extended and contracted sheaths of R-type pyocins 15 have already pointed to differences as compared with the T6SS or the T4 phage, it is likely that distinct and specific features will be identified once the atomic structure of the T6SS baseplate is resolved. Yet, the extraordinary results of Taylor et al. 4 should be seen as a firm basis for exploring similarities and differences between the phage and bacterial contractile machines. ❐
